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(54) ULTRASONIC FLOW METER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the stability of 
zero point due to temperature change by measuring for 
disturbing the periodicity of the flowrate measurement. 
SOLUTION: A control part 10 is provided with a delay 
part 11 capable of setting different delay time. The 
change of propagation time of ultrasonic pulse is done 
by changing the delay time at every measurement. By 
this, the time periodicity for measuring flowrate is 
disturbed and so the effect caused by the measurement 
periodicity can be reduced, and the stability of zero 
point due to temperature change can be improved. 
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SB. 2, 3 ttffi^jefigtt^-. SttffittW. 6«W^IhI 
88. 7 «Sff *fc*nl!8&. 8tt#^-7. 9«jgit?SIS. 10 
W*J*SmP. 1 1 »tw U-f SBT?. feLBiE 1 ©*t*i£<tl*I 
«&&©T-;&3. Sl©fiJHRtS&S©«. SUlfSJglH 
Rl 9i«««aaft»2 3*^-lxte»256«lEll»2 0* 

aei&flii*» 2 2 ccgi^ u . c <ommnu 2 2 * mm 
m 5 (cg,^ o tc^-c $> & „ 

[0049] SfWf, fEffltcot>-cg&i£-rs„ sssfew 
1 tragic. AMMSSIfeftiXSfti. OMmm^z. 3© 
<£ffliSig£fcttiSi<j5 0 0 kHzT\ V>^T^> 

c»raEKWje«ff9. *ow»i ot?wig»iaf85«:af8 

H*&flMt*Htf>'r* i I5)B#0C. j!-f?8 ©BtraftfJ^PS 
teS-ti-So IBKrEIIEg 5 «jMm^te^*§<lT-5. £ . * 
•rm 1 £6MI]Sg 1 9 ©£6M{f-Sf <tm2|^glHlBS20©^ 
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[0 05 0 ] 1 |5]g©HI 2 &Ji|5IB&©l%fiJ§i££5:* 

«fd^«2 0 oKHzi-r-s. mmstiftm^A^Jv^it^ 
m®m 1 *e*e Lm^mmmi- 3 rsfi sns. sm 

^{f^0lHlS87(CtH±l3n^. Sft^lHlSS7-C 

ra t dsaf&KwwiEBWHiiss fciUM^ft^m^j-r 

10 

[0051] mmmi&s&miwmmtt&mTzk. 
^mtm 2 ffeSiiiiss 2 0 <omm mmk*mm.m£&%ti 2 
3t-ifiioo kHzic^gi b . c ©^ b ^mfi-^ i m 
i&M®3&<D&mm^&mBisawt$2 2-cmwutcmm- 

z>. mms&smsn 2 3 -cm 2 mwrnss 2 0 commmmwi 

&m2 0 0 kHzi^l 0 0 kHz*5£SJC^^.!fe*5<=.N[iltf- 

8 -vmrn l tcmmzmjgMWvD n -ctii k> . ^iisb^h t d 

20 £3K>rei&BifRI]t 1 *?Hgfr^. ?l#^#^@8§6 

2 3 t^cit.«c**6ej»i^iai 1 1 <Dmz.tmmic&tmm 
- 1 2-*«j&r*.- cti«K©ttffjsa«*«fe^ 1 iiaifis 

[0052] a$ffiaSMH?-2 . 3BS5 0 0 KHzrlgib 

-r^iJl*I©^:*t, : 'e : g : iK''^ux*5^ft-c#, $5)200 
^«^^^^^'S^l-c*^cc»„ u*>u^5 0 0 kHzt#?2 

30 0 0 UizZmW L/cfgBSifa^ i . *5j 5 0 0 kHziij^J 1 0 0 

kHz^fln^t b/c«g«i{a n-cmm l t§§ $ n zwum^ 
)v^<Dmm\m.m^mtf c ©*sm*^F« 1 mm 

tc. — WOjHffijaRttTcoffl^'CfflffiC^bK: J; 5 Hz p 
*©^SJW^ 0 -SJS^-C 4> . iHig^gSgP 2 3 riMS CT 
±lcm2&Mm§2 0©JBigtSc€:^b31±n«S£Sa'fb 

[0 0 5 3] &*J*J6015 -C«»2^JgiaiS©^1lJl?g 
8!(«r^2 0 0 kHz. ffl<gm$£mt2 3 X-tf) 1 0 0 kHztc^ 

rati, t 2 *«i5£-rs 4 *jaiS8^^gi52 3 ^em* 
sn-5jaiea©fiSiMiffBra— £ urtewtf, igj^*n 

(3) atcaaav4iH|fJ-4i*K:-tfaj*iOS3ettK:# 
[00 54] (SlSfeW) 6 ) «T. 2|s:^?«©^Jfe^l 6 (Co 

50 35. 2. 3 tt«€»SKr?-> 5«K»W. 6 «+3J^|hI 
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8§. 7 l*««fftftlI5|B. 8tt$-/?, gttiRJHB. 10 
ttifjlJ®Jg|S. 1 lttf*./ £Lhttl2 1 ©fitJ&ilnl 
«ja4,Ot?&4. 121 1 ©tftf&£^&5©&*, Kil#6tglII 
SSI 9£ON/OFF|h]SS2 4^LftlSf2^1ISK2 0 

j^snmsp 2 2 tcSc^L, c ©»j&fia*tt 2 2 ^ses&ihiss 

[0055] s-twf. fMitco^-citMPi-r*. mmm 

500 kHz-f . is>if7?>v> \--&&m 
i>-a&m.mM*n *> . warns 1 0 -ectfEWnnsgs &ci*ft 10 

[0 05 6] IE1611SS5 ttjaHBHtt&a-^fcafc-*- 5i, 
*-rON/OFF0SS2 4©ffl^l^0NtCL.. Sfl 1 2£M§I3g 1 9 

ommmn tmz ¥%Mmm 2 0 <om^m^ & mmmm 
2 2 -cnm- o fcflnmm^-cffi^^jg»^ 2 %iB86 o . © 

mfc 1 ue^^itr-?- 3 -egfi sns. sft $ 

se*WaiB»7K:tti;&?fts. »i*fc*ai5]Sg7-c« 20 

##Dff^*tH7JT<2>„ MfPff 1 0TS**flM**BflH»** 
»4£, u-fSBl 1 {C*6^D«6S^Lfcjl^ra 

/OFF0SS 2 4 ©m^^OFFfC b . » 2 ^tlHBS 2 0 <D#6 

T-2^r|gibU, Sa^M-'^l/X^jllfi-rS, ON/OFF0SS2 
4-C^2^Sl@8S2 0 ©^fM^*0N/0FFbtt^e.NIl 
ft*ILfc». £^8=£ffiL;*tf&o iftl?SB 9 30 

•v«-c383eufci^iH*aj3eBa©Nx7»i»}, je^ggt 
6 rigsbiii8§5 <tsmius§ 7 ccsajrrsiH^isafaBr-?-* 

W »5 m*. . cn/offIhISS 2 4 -C* 2 £&gHIR 2 0 ©&Mfi 

#*avoFFt/tt*i6esRNwa 1 1 ©arj^iiHiwtceaaBf 

M t 2 €r«J5£-r 3 . C tlWRI©«lf¥MJl«Jli6M 1 £ PI 
I 0 0 5 7 ] ft*. 12* 1 SUSSES 1 9 ©|KftMtffiK»j^ 

5 o 0 kHz. m2&mmi&<omaj%mm*$}2 o o khz£ 

•f i> „ ©^jStSEfr-?- 2 . 3 itm 5 0 0 kHz-C-fgaST -2, £ 40 
ffiflI©**l^ffi#i£''W*#S'©'l?#, S200 kHzj^S 

&tt vrcmm u -c & n^as; w * bb £ ^ £ ^m-c * a 

L#>14&5 0 0 kHz©%{fJSi£3&K:2tl,#j2 0 0 kHz 

S»sn-SS^jS/<;v^.©S»!*!S«^Cc^b-r*. c© 

tsmnwi i b»k. -*r©®*«««i^©ffl^-&-cs 

icoN/oFFiHl8g2 4 -e* 2 ^MhIBS 2 0 ©36fiM#*ON/0 

ff-t 5 c £ tcj: o aasEfbtct: s ^a*©^tt^i»)± 

-C£-5„ 50 
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[0 058] tt*i%»OT6 risnt2MnaKOAftMift 

tfc£ 2 0 0 kHz£ Otc*^ CtlJ:»31«HH?6»t-Ct>fil> 
J9&%-Ct>;fftt>%l*. S/-C0N/0FF1USS2 4©SW ; £ON£ 

t/c#. oFF#>e>aijtei/-c &«*>fec>„ &*j^ae#Ht 

1 . t 2 ^rSiJ^-T £ £0N/0FFtHS§2 4 ©#J#JHm*lnI 
— £ Ur*5W«. 80£A]f*tt 2 2 ^ ON/OFFtmSS 2 4^4C 

0 r ( 3 ) srcifcssv £ttinr s £ # k 

[0 0 5 9] (HSSt?d 7 ) JStT, 49Sn®HlfeM 7 CC-o 
l>r, Blffl*#JH0*3i*&*WS-*. H19l«atW7 

©tB^jffiSfeBtf^^-r » m-c* 5 . i \tffi&m& 

SR. 2. 3 tia#jg®»-T-. 5«igttS|5, 6»«J§Is] 
S§. 7 t2*flHftfeeHL 8B$^7; 9»«ftfll. 10 
Ci^OSPgB. 1 1 U^ap-C. «±:»ia 1 ©»J££IH 

881 9£0N/0FFtaJBS2 4 ^^LtcW2^.mmm2 0*Wl 

mmtsm 2 5icmmc. c <ommm^^ 2 5 zmmmffi 

[0 0 6 0] ^-Tttf'P. USteW 
i£[5j^cc, #»jjei«fl:t*aa. »&isa8» : f-2. 3© 
&mm&&az$}5 0 0 kHz-c, •»y77f>K)S4» 
c >t:i«HHje*ff 9 . sijw 1 0 TBismaK 5 
wje«#*n«jTa<fci5i«p«:. f-Y^8©B#r B iti-f'i*gg 
-tt s ■*®i-mwa» -«-»aiflmMHi #-*aMrr s £- * 

T'0N/0FF|5]g§2 4©tU73^TOFF(C U-C*2^fMlHl8§©^ 

5S2 oic^-rmmm-^-cmwmm} : T-2 ^ggf&uis^ 

ti. Sf8*BaBlK7K:Htfj3;h&. 7-CB: 

«mm-^©sm * -/ 5 > l . mm* 1 0 ksi 
s„ 

[0061] igabmB 5 tt^fuNJtefa-ifSrsm-r 3 £ . 

4-St*0N/0FFlallf§2 4©m^»^:0N(Cb, i£7f£iS$§SU2 5 
"Ctt* 1 #6filElfS 19if2 ^iilslSg 1 9 ©^ffg-^-* 

L/jB*-iffi-'-«^^*g|ftrS. 0N/0FFliIS§2 4-cm2%8i 

0gg 2 o (Dmmmn* on/off u 6 NintHM u fc^. 
td&M*Mmm%i<D n rfa «d . m?mm t d *5 K>tre 
5 £^t @s§7 temwt&mmmittty'omz-, on 

/OFFtlSS 2 4 -CJB 2 ^}g(sl!g 2 0 ON/OFF b 

ta&*&e*i»*w 1 1 ©ffl'js£i5i«icceaft^M 1 2 
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[0062] Mtazm i ftmmm i9©si fflmmzfo 

5 0 0kHz, #2|%Si|51S§2 0©^2SiS^«^j2 5 0 k 
HziT-5. 0N/OFFleI5S2 4*50N©B#, ftgfcilitegp 2 5 -e 

t*» 2 m : &m<D i / 2 jasat&ccif? 1 mm§k* 3 jgsi»#s 
Wj?- 2 . 3 &*iS»i& '^•JW^r(^i^ £^fg~e # ^ct => 
<nmm*& zm-sa. m 1 mfoWLvmrnicm cm 2 jds? 
mwm<Dmm k. tt^ - 8 0 a b t -r *> „ 10 

[0 06 3] $fc!S2jgj£8fr©l/2J§#l«#n usee 
icffl^L^-f U-TSP 1 1 ©S5£B$|gt d41 53 Msec 
±W&£?k\\Z. g]2 1 ©BEttfl-SfCt t d*i 1 5 5 Msec 

ictm-rz. mmm 1 ©iajs^©^.* 0 w 1 Msec 
tc j: •sis* d *©^«ja*£ c zm^-c fc . cr <t jcon/o 

FFlHSg2 4Tl&2#6jSII18&2 0©|%flff^£(WOFFr-& 

-5>„ 20 
[0 0 6 4] )&*3ilSg^l7-e(im2^iStfe ; S:2 0 0 kHz 

*/c^2 fflmgwrnrnzm 1 ^^©jsitsscib^ 

- 8 0"d B £ U/c*s, ®S^FtttcS^B»i&t,»«gi»S-C*>n' 

0{C0N/0FFli]SS2 4%:1&Wil>tcifi. 0N/0FFHSS2 4«ft{ 

U C©Jlj£&*$J«3#*.T <Mf*>£c t>„ S/tON/OFFlHl 
S§2 4©^*7J£OFF£Lfc#S. ON*^gS^bXfe*it)^ 

SSfeeSS^fHt 1 . t 2*}g'J^-r&<b ^ON/OFFHSS 30 

2 4 (Dwmmmzm—± l--c*jw«. woffhhs 24^ 

V *ltm-r £ £ f* K -fe'n *©$SttK^ SUHPSMKM 
[0065] (SUife{?"j8 ) JiTF\ *#SI>i©S£K50ll 8 tco 

or. Hffi=&#Rsu^*^B ftH ^- rSo 122 2tt#dfe#j8 

W, 2. 3 ttiSWi&liSfr-? . 5tt«nb8k 6»«9«EI 

7W3?fS(*»I0a. 8B>^7, 9tt»JMIS. 10 
ttWHSTSB. 1 1 b-fgp-C. JW±«@ 1 ©fltf££PJ 40 

B§ 1 9 2 %t£g|gg 2 0 *jffiJ15ig*SSI52 5 tC®f^L . 
C ©V^jStegP 2 5 £|gSb[H]Sg 5 tcjgfcfc U fcjS-t* * -5. . 

[0 06 6 ] s-rttfe, flUflfc-^-cBWrr*. 

i iWK:, mmmmmt^,, 3© 

^ffl^iga«iK) 5 0 0 kHzT\ '» i/77>)> Fffi*/B 
U>TSK«S«^*ff^. fflfflfePl 0"C«IBS*@ffi5K:j||ff 
H»&«-#*ai*r-5ilBI^CC. #-f^8©B#l1Bi1iM*giJ 

1 ^jhhsis 1 9 ©m 1 ^jgs^i ^ 2 &mm& 2 0 ©* 2 50 



2000-298047 

16 

MWtt«S9Knsv2 5-ea.tsofca2 3 iCTfr-riESsbfi 
#-c . ®^-^st)^ 2 *i g«j L/ *a- * zmm-r 

^isnati^- 3 -r-sft sns. s nz-effi^^^ < ju x « 

^^JgB&T-3fSi^,ff-^«c^3n. §m^DP387 

ccm^isns. sit ^»iaiss 7 -c te&mm ^<o&m $ a 

•£>= 

[0 0 6 7 ] MSPgP 1 0 -CttftfitftfcHt-^fc** ^ t . 

aecwofffiiwiis 5 ^cwmmmn^mjf s . ieshi 

885 t*3*«Btem#*«®-rS i . Sc^S 2 1 CC^TiE 

4. «BEl/N0it«Lfca. 5"f-7 8*f?ih$H±S„ v» 
#g|J9 t«*^v8 -CSiI^LfcH#rBl?rS'J^ti]^©N-CflJ 

lr^#^le]B§ 6 -CfgttiHBS 5 £ SMIhISS 7 CC^iT 6 

[0 0 6 8 ] SIlSSW 1 *>6**iM7-C«aSCCj;4-tzn 
.•£©<«£ =Jr4D3 -ttfel^S <t IT, ijfSSfHWtcfcW 2> 
mm&ZiL-f £ t » 9 IWWffiSS fc. C tifcW©fHJJ 
^£ L--C, S^^^x©^H^H*^a< -T^^ffi* 

*§tt -s <t . iij£B#&a t d ^® o fcf^s 

^-2^6@^>'^X^:illfiL/-r0^ o hfrLM&lSM 
KlT- 2 . 3 ©8ilb*t^K*iJ±-r -5B#HK:S®H#ra t d 

t»ttjB£@Bg©®@^1£-S>ifcSS'J5£8P lF^©§g«©Sffi 
^b*sffl'J5e^mtcU»*^^.S C C©/cit>® 
JiBffB t d ttiS^JMiiH 1 2 . 3 ©JSKj*ifjJ^^«:i5 

wz^zft^msLtzmnTzmmfflRicMMtiffl t d » 

R£f5Ci#4S. C©ii-^r, ffi^Mtia&^2, 3 » 

*> tl fflmtmt^-m* t z> c £ jc «t »j . — *t ©e«isassb 

[006 9] 1 5 0 0kHz. ^2^I» 

Sfe* 5 0 kHz£ Ufc„ H 1 ^^©^-CiEttStlfc®^ 
j^/N-^X «m 2 4 J: ^ (C , m&ft P 5 -cm.-Kt.ts: 

So * fcn? 2 ®m%t.<Dfr-emm? % t mtw^tt'st 

ftSnftt*. -c-£l-el|lJl^ ; Sr3jaWgE«)bfc^. si 

£ <fc -5 i mm^L<omm-Q 3 ^sa^©^ 

|gtbB$p H T . *%tcft 2 Mli^Sfe^r 1 / 2 JS»3/<i Wig 

<*: -s -fe'p .^©^ai)*8'js o /cn^T(i@ 5 1 mmtem^L 
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[0 07 0 ] ^*5fiSfeF'J8 tttS 2 Hjg^t* 5 0 kHzi 

LtctK mmtenm*mt>ti&ts: wis o knz£ o t>& 
tnzmvmfDmc* 1 ffl«8©«trc 3jsj»&©imb 

tt©JHSB©*#«< ■£«>«*:<.>. £ftJ*lJ5lttft&&2ja 
[0 07 1 ] S/cUfSpfl 1 ~8-c«^Sitii'Jie:^>^r 
»r«t< . jBWWteti**Niam>*©¥3ifB*W5£-r 

mz.m>f*iMmx'<oix.m*mm-r abscess l 

0 kHzi C/c*i. ±JKfeffKIKe3n4*>W-C«c< 
fflH!ffiSl3:Si*-CA*l« 1 0 kHz- 1 MHz, m»-C3btU£ 

1 o o kHz~ i o mm&.<DWm&— ASiftr* 5„ *fc 5 

US**. ^SJSWj* - f © s L r i » ft < r 

fc, c©^B«UUr*- F©^»*<SM-rntf JSififi^ l ~ 
8 £ ls)til©^m*5f# 6*15. 

[0 07 2] *fc*Jtt»J2 — 1 «i& 

[0 07 3] 

[oo74]si ©a-&?ffiS£att-«. «simssfe^3&si»ti 40 
^mt *> -n&mwmm^ t . -#© « nemani 

«fc x-%.#>&mmM*mz. . »na*&t *t*J8©»j©i&3i 

J*SaHH«IK*j W £ JlWtt^rSLT <fc 5 WHS* * fcftiSS 

^fttc j: *-fe'P *©^t4©i^^ffl#ve?jsait ; &f#* c so 
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[0075] »2©e#&?ji5Sft« > uw%mmt£*>m 
ismNms&mte* a u-rsp^fiiA. wffliwc»«-*j 

■r-s/ci6. ?jfes&tsij(c*$w &jgjwt£#£L3 naK^ttc 

££^"n.£©£^1£©it^>iS#^SIt£f#£ C i*i-C 
[0 07 6] m3©®#jffi^ait«. |gffi6leli{g«|5jDig 

«a»Ta»©affl*«Fr, /tm^ft hj*6-c. wai 
»jK*»w *MiwsA5SL3 nastf tec <fc * -tr'n.-s©?^ 

[0 07 7] ^4©®^M?iS«lt«. IEl6[slS§»1g^© 

vm&m&gm? & tab, waumK.*s» &mmm*sL 

3 inH&mmtiC «t -2. -tf P j£©Scffite©«U »»s«aaKf- 
[0 0 7 8] *5©ffi^iftfiteatt«. iIStllHl8g«HutB4i 

£ttP^*^2 ^^©m-^^sta^^-ii-raj^Djtg 
r. »a5-r-ttitS'Jft{c|| 2 jai&«fc©£Sfi{i-st£*M b 

l*i *®#^ifefiit* f# -5 c £ & -c # * „ 

[0079] m6(om^m.m&tm. ^2jg-^©{4+a 
£a5f#-s n 

[0 08 0] ^7 ©S^iSSH-«. ^2 J^i^©Ja<S 

[oo8i] m8©^^sit-«. m2mffl&&$>2> 

Mte&il 3 timmm tic £2>Vu ^©S^tt©iiEt 
[0 08 2] fg9©^#fe^filt«. Iglf)IaIS§«BJieS 

&mm ji ?<Dti!ttfflm%i'c$>z>m 1 jss^t wie^ 1 m 

^©Micm2jg^^m^b, ffjiJ®a5-c{i!t$J«K:i!i 

2jgi^*^-5 > W^<t^Ui«^-^WOm*it2s!) > SiEm 

itautctow *ja»3ttAiSL3 naa^fbia * p *©^ 

[008 3] 110 ©itg#i£itftfi!+(*, MS'J^?jE#a3^ 

issfit * —ntcom^mmm^ t , — ^©m#^i^sb^ 
^^.©GMHtra^pj^-r^^-Y^i. iisjjinsgi ^ w -7 



(11) ftm 2 0 0 0 - 2 9 8 0 4 7 

20 

* -r^n ?0 
m i 4 ] isiie^ig««i-7-ojsi2fiSM#tt0 

[0 1 5 ] BIiH«ifti*«lf©jB J &jft''«^^jft»ia 

V £0 

mis] *mw<Dmmm6ic*stt2>M=g&ffiM9tzm 
mt>m< i 5$ijiaj-c^aig^'ft;{cj:s-fe'p.^o^ 10 im 1 9 ] ^mcommmi ictewzm^&ffisst&rri 
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< ft* «fc 9|g*lll80Hi*ft-^««IWT*fc««W««ffl 
jWS < ft 0 . »B3Wt«c J; & ■Ba^©3c3ett©W»,»iB« 



7*0 y ^0 

[02] i3i^aittcfcw£®if?gjgtt^©»f®ia 
[033] mmmmc$sw2>m&mm$h*(D 

x#t£0 

[04] ISISSatt-tcfctirJl^d f l#0kH2CQ*§^ 



[020] Pie^gSlfitf-©0N/0FF@8SJ&J0FP©lS^© 

littM^^^-rs 

[02 1 ] l5®^^?j!£aft©ON/OFF[ilS§* 5 ON©«^<Z)|g 
ttfi^£;^T0 
[02 2] ^^©SlifeWlSfCfcWSfflSjKdfeStt*^ 

[023] mM^m&mstvmtbmnzm-fm 

[02 4] m&WffifcSMt&m^W-insX&Mm 



15 ] |B)«nSftiC*jCiTiil^tS[d f 1 #5 1 kHz©*§-£ 20 [^©lftl§] 



[06 ] IUi>6aiHc*Jl,>TJg|?8&&d f 1 ifi- 1 kHz<D*§ 

-en* l ^140 

[07 ] |WISftaStK*Jt»-CiSg^HI t d 1 . t d 2 CHI 

[0 8] isiijiEaf+icfct^trasB^H t d i ^mi>xmm 

Ofc*3*fe0 

[0 9] *mW<DmSM2 ictoV hM^®.ffiWst*ni-? 



i z^as'j^au 
2, 3 mgmmmi- 

5 8Btt[eI8§ 

7 sfst^piass 

8 

9 iSffSB 
1 0 ftiJtSJgfl 
1 1 -r -<• U-TSP 

i8.2i w&emm 



[sio] pisa^^aitoiutB o «©«^©iBttff n 30 19 mi §m\Bim 



*^-T0 

[011] l5IjB^ijiE:fiit©tetB9 0 gCDJ»^©iitt{i 

[012] mm^wiffiSM<DM ; gm->*)i'A&iftm 
[013] *ssig©j|]aw3(c*iW5a§?s^an-^* 



2 0 fS2#6M§ISg 

2 3 JHOS&ifc^gSaiS 

2 4 0N/0FFl@|g§ 

2 5 mzmtm 



[02] 



[03] 



1 2 




lliilftlilllllii 




1 4 



1 3 



1 S 




1 7 



1 6 



m i ] 
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